A method is described for the flame spectrophotometric determination of lithium in serum using a simple 1/50 dilution in water. By using an instrument having a diffraction grating monochromator, non-specific emission (due to protein) is eliminated.
The accurate determination of lithium in blood serum may be accomplished by procedures involving either flame emission or atomic absorption spectrophotometry (see Brown and Legg, 1970) . Jt is apparent that the former technique is preferable since both calculated (Winefordner et al., 1970) and observed (Pickett and Koirtyohann, 1968) values of detection limits show that, for this element, flame emission is more sensitive than atomic absorption spectrophotometry by at least an order of magnitude.
Prior precipitation of serum protein was found by Brown and Legg (1970) to be necessary in order to reduce non-specific emission to an acceptable level when using instruments having either an optical filter or a silica prism monochromator. Since the spectral band-widths selected by either method are relatively broad (see for example Buell, 1969) in the spectral region concerned (670.8 nm), it seemed possible that the non-specific emission was that of the continuum of the acetylene flame which is known to be increased by protein (Burriel-Marti and RamirezMunoz, 1957) .
Preliminary experiments were therefore carried out using an instrument with a diffraction grating type of monochromator in order to assess the radiation of dilutions of lithium-free serum under these instrumental conditions; the results suggested that non-specific emission was negligibly small. Further work confirmed these findings and led to the development of a method for lithium determination in simple dilutions of serum. 250 ml with water; these solutions are respectively equivalent to 1,2, 3, 4 and 5 mmol/Ilithium in serum which has been diluted 1/50. For some of the experimental work, comparable working standards were prepared by appropriate dilution of a commercial lithium standard solution (British Drug Houses Ltd., Poole, Dorset) containing molar lithium nitrate in molar sulphuric acid, and these were found to be indistinguishable from those prepared from solution I.
4. Lithium-free serum. Blood serum from patients not being treated with lithium salts was assumed to be lithium-free.
1nstrumentation
A Varian Techtron (Varian Associates Ltd., Walton-on-Thames, Surrey) model A-1000 atomic absorption spectrophotometer with a 4 in x 0.020 in laminar burner was used in the emission mode with an acetylene/air flame. Optimum conditions for use with the instrument were as follows: Burner height setting 3.0 scale divisions (= 4.05 mm) with slot parallel to the optical path; fuel: air ratio 2.5 :5.5 scale divisions (equivalent to 1:8 l/rnin, i.e. approximately stoichiometric for combustion to carbon monoxide and water); monochromator slit width 0.5 mm. The monochromator was adjusted to give maximum meter reading from the lithium emission at 670.8 nm. The damping was minimal (time constant 0.3 s).
MATERIALS AND METHODS

Reagents
I. Stock lithium standard solution, 5 mmol/I, Lithium carbonate ('Specpure', Johnson Matthey Ltd., London) 185 rng, dissolved in 2 ml cone. hydrochloric acid and diluted to I I with water.
2. Electrolyte solution, 140 mmol/l sodium and 4.0 rnol/l potassium. Sodium chloride, 8.19 g, and potassium chloride, 0.298 g, dissolved to I I in water.
3. Working lithium standard solutions, 20-100 /-Lmol/1. Stock solution, I, 2, 3, 4 and 5 rnl, together with 5 ml 'electrolyte solution' are further diluted to 85
Method
Blood was collected into plain plastic or glass tubes and sent to the laboratory as convenient. Serum was separated, and diluted 1/50 with water. The instrument was set as described and 10 min. allowed for stabilisation, the wavelength setting being readjusted to the optimum if necessary. Full scale deflection was set with 100 /-Lmol/l lithium standard being aspirated, using the photomultiplier gain control, and the zero was set with water using the 'backing' control.
The dilutions of serum, and each working standard solution were aspirated, and the lithium conli6 centrations in the sera evaluated from the respective meter readings.
RESULTS
Optimum instrumental conditions
The effects of variation of the burner height setting and acetylene: air ratio were investigated using a lithium standard (100 fLmol/l) and two 'blank' solutions consisting of 1/50 dilutions of lithium-free serum or electrolyte solution in water. The former variable was studied using an acetylene: air ratio of 2.5: 5.5 scale divisions, and the latter at a burner height setting of 3 scale divisions, these values having been selected on the basis of preliminary experiments. A monochromator slit-width of 0.5 rnrn was used (see below). Emission was measured with respect to water.
In no case was the emission value of either of the 'blank' solutions more than I % of that of the lithium standard, being almost undetectable at a burner height setting of 3 scale divisions or at an acetylene: air ratio of 2.5: 5.5 scale divisions. Furthermore, the emission of the lithium standard solution was maximal (Table I ) at these two settings. Rotation of the burner head so that the slot was at right angles to the optical path caused a fall in apparent emission intensity to a value only 4/;' of that of the colinear orientation.
A monochromator slit-width of 0.5 mm was selected since instrumental 'noise' was acceptable and 'blank' interference was minimal at this setting. At a slit width of 2 rnrn the emission of the serum 'blank' solution became just measurable (equivalent to 0.04-0.05 rnrnol Li/l) but there was no detectable increase in that of the aqueous electrolyte 'blank' solution.
Thus, the instrumental conditions described were shown to be optimal with respect to both sensitivity and freedom from non-specific emission, and were therefore adopted for the further evaluation of the proposed method.
EIf"cts ofserum constituents Oil lithium emission
As noted above, lithium-frce serum diluted 1/50 with water showed negligible emission under the assay conditions adopted.
The effects of addition of sodium and potassium on the intensity of lithium emission arc shown in Table 2 . It can be seen that in the presence of increasing concentrations of either added cation, there was progressive enhancement of the emission of the lithium standard solution which reached identical maxima at concentrations corresponding to 100 mmol/l sodium and 4.0 rnmol/l potassium in the undiluted sample. No further change in emission intensity occurred at concentrations of sodium or Table 2 . Efteer of sodium, potassium and blood serum on the emission of lithium at 670.8 nm. A pure lithium solution (I mrnol/l, I ml) together with I ml of solutions having the indicated concentrations of sodium or potassium chloride or lithium-free serum, was diluted to 50 ml with water. For other conditions sec text. It is also evident from these results that the concentrations of sodium and potassium normally found in blood serum are sufficient to effect maximum enhancement of lithium emission, as is the presence of blood-serum, whole, or pre-diluted to 75
No significant further enhancement of the emission was caused by the addition of whole serum together with sodium and potassium supplements.
Addition of calcium or magnesium at concentrations corresponding to those of diluted serum caused no detectable change in the emission intensity of the standard lithium solution.
Recovery 01" lithium added to serum Dilutions of stock lithium standard solution and lithium-free serum were made corresponding to 1/50 dilutions of serum containing I, 2, 3 and 4 mmol Li/l. The emission values of these solutions were found to be 99.4-101 % of those of the corresponding working standards.
Grossly haemolysed serum, obtained by repeatedly freezing and thawing clotted blood, was found to increase the apparent lithium content of this standard by approximately 0.025 mmol/l,
Relation 01" emission intensity to lithium concentration
This was found to be linear up to a concentration corresponding to 3 mmol/I in undiluted serum; at concentrations corresponding to 4.0 and 5.0 rnmol/l, meter readings were slightly less (1.9 and 2.4 % respectively) than those expected from strict linearity.
Precision
The mean difference of duplicate analyses carried out on 20 sera containing lithium at concentrations varying from 0.4-1.3 rnrnol/l was 0.011 mmol/l and the standard deviation (Whitby, Mitchell, and Moss, 1967) was 0.013 mmol/l.
DISCUSSION
It seems probable that the freedom from protein interference in the proposed new method, which is in contrast to the findings of Brown and Legg (1970) , is a consequence of the narrow spectral band passed by the diffraction grating monochromator used in this method (1.35 nm according to the manufacturers) compared with that afforded by the silica prism used by these authors (approximately 15 nm by extrapolation from manufacturer's data), and the findings of the present work are explicable in terms of almost complete exclusion of the acetyleneprotein spectral continuum by the former but not by the latter. The finding of an increase in nonspecific emission on increasing the slit-width from 0.5 to 2.0 mm is consistent with this view.
Ionisation of lithium in the acetylene/air flame was not a problem since, at a concentration corresponding to I mrnol/l in serum, it amounted to only 12~..;;, i.e. approximately 25 % of that predicted by the Saha equilibrium (Rubeska, 1969) and was completely suppressed by concentrations of sodium and potassium corresponding to 75 % of normal serum levels. Physiological concentrations of these alkali metals were therefore added to the standard lithium solutions; in such mixtures there was no effect of either calcium or magnesium on the lithium errussion.
Self absorption, as indicated by the relationship of emission intensity to lithium concentration (Macintyre, 1961) was undetectable with the laminar flame aligned with the optical axis at concentrations up to 3 mrnol/l (before dilution) and amounted to only 2.4 /~at 5 mmol/l. This feature of lithium emission permits the use of an effectively large radiant source to illuminate a relatively small detector, and is no doubt the basis of the high sensitivity found in this work. Thus, a 1/50 dilution of serum provided ample sensitivity for measurement by the new method in contrast to the 1/5 dilution required for the procedure of Brown and Legg (1970) . (However, as these authors pointed out, the latter procedure suffered from the reduction of emission due to trichloroacetic acid.)
The precision of the proposed method was found to be very satisfactory at lithium concentrations close to the clinically important range of 0.8-1.2 mmol/l (Fry and Marks, 197\) ; this indicates the suitability of this procedure for clinical application.
